a b s t r a c t
There is growing recognition of the need to understand public attitudes to energy sources, such as shale gas, and to feed these into decision-making. This study represents the first detailed UK experimental survey of public perceptions of shale gas fracking, including analysis of the effects of different messages and the relative influence of different audience, message and contextual factors on support and risk perceptions in respect of shale gas fracking. Using an online survey (N = 1457) of the UK public, we find considerable ambivalence about shale gas, but also greater awareness of potential risks than benefits. Prior knowledge is associated with more favourable attitudes, although demographics, political affiliation and environmental values are strongest influences on perceptions. When provided with environmental or economic information about shale gas, participants became more positive -irrespective of their prior values or whether information is framed in terms of losses or gains. As expected, prior attitudes predict how information is received, with more attitude change amongst the most ambivalent respondents. We conclude that additional information about shale gas is more likely to be effective changing attitudes if focussed on this 'undecided' group. Studies of this type are important for policy makers and industry alike. 
Introduction
Economic pressures and environmental targets are leading to significant changes to UK energy systems. DECC [1] refers to an energy 'trilemma', the challenge of ensuring secure supply, at an affordable price, while decarbonising the power system. This trilemma has major ramifications for the public, who will be asked to accept new energy infrastructure and technologies and to change patterns of demand. Shale gas is the latest energy source to be suggested by the UK government as providing a key component of the nation's energy mix, particularly in helping reduce reliance on energy imports [2] . However, various uncertainties remain surrounding the benefits and risks associated with shale gas extraction. 1 While policy-makers have stressed the energy security and affordability benefits of shale gas, estimates of the scale of such benefits have varied substantially [3] [4] [5] . environmental groups have highlighted the risks associated with hydraulic fracturing, including water contamination and induced seismicity [6] . The Royal Society [7, see also 8] concludes the safety and environmental risks of hydraulic fracturing are low and manageable through best practice and enforcement of UK regulations. They also recommend understanding public acceptability of shale gas extraction and use in the context of energy, environmental and economic policies be considered a priority for UK research. Similarly, the International Energy Agency [9, p. 15] concludes shale gas operators require a 'social license to operate'. These recommendations reflect high-profile public protests and concerns about the risks associated with the technology [10, 11] .
Understanding public attitudes to new energy sources like shale gas is vital for several reasons [12] . From an instrumental perspective, social acceptability can represent a major potential barrier to developments of new energy sources and technologies, as indicated by protests and moratoria on hydraulic fracturing in several countries and US states [7] . Indeed, public opinion is seen as a major challenge for European shale gas development [13] . There are also strong substantive and normative arguments for considering public perceptions and values in relation to energy options: broadening the range of perspectives included in decisionmaking can lead to better and fairer decisions, and democratic policy decisions should reflect societal views [14] . This normative and substantive argument is particularly strong in relation to decisions about siting of energy developments (e.g., shale gas extraction facilities) where local communities will be directly affected. It is therefore critical to understand public attitudes and the bases of concern about energy technologies, and where possible feed this understanding in at an early stage in decisionmaking (before attitudes become polarised and decision-makers potentially distrusted [8, 12] ). This paper examines the UK public's attitudes to shale gas fracking, including those living in areas where shale gas is being extracted, and in areas where it could be extracted in the future. To date, very little work has explored these perceptions, and no experimental research has been conducted to examine the effects of different messages and the relative influence of different audience, message and contextual factors on support for shale gas extraction. Using an experimental online survey, we address this research need. The following section outlines the relevant empirical and theoretical literatures; Sections 3 and 4 then describe the survey methodology and results, respectively; and Section 5 concludes with inferences for policy.
Background

Attitudes to shale gas fracking
Studies of public attitudes 2 to energy sources and technologies consistently show the public favours renewable sources (e.g., solar, wind) over fossil fuel or other sources [12, 15] ; and are ambivalent about carbon capture and storage (CCS), nuclear power, biofuels, electrification and demand management [16] . Public values underlying engagement with energy system change include efficiency, nature protection, safety, reliability, affordability, freedom, fairness, and quality of life [16] . Consistent with this, most view fossil fuels as polluting, outdated and finite [16] .
Comparatively little work has explored perceptions of unconventional fossil fuels, but many of the public's concerns about conventionals appear to apply here. In contrast to other unconventional fossil fuels [17, 18] , there has been considerable recent UK media coverage of shale gas [19] , leading to relatively high levels of public awareness. Attitudes to shale gas show considerable ambivalence, however: as of June 2014, of the 74% of the British public who have heard of it, half neither oppose nor support it, with support and opposition each accounting for around one-quarter [15] . US research suggests the public is positive about the potential economic opportunities of shale gas extraction, but not at the expense of water quality and local noise pollution and traffic [20, 21] . In the UK, concerns about shale gas initially related to earthquakes [22] but have more recently focussed on water contamination, while many also believe it represents a 'cheap' energy source [11] . Women, older people, those with left-of-centre political views, and newspaper readers appear to be particularly concerned about the technology [11, 23] .
The literature to date on perceptions of shale gas fracking has not sought to make theoretically informed predictions or explanations of public responses to shale gas. However, a sizeable literature exists on attitudes and risk perception, which highlights several technical and non-technical factors likely to predict public views on energy sources and technologies, and explains divergence between expert and non-expert assessment of risks [24, 25] . Oltra et al.'s [26] review of the energy siting literature categorises these factors as: (i) characteristics of the technology (e.g., scale, waste outputs); (ii) psychological processes (e.g. place attachment; familiarity with the technology); and (iii) wider social and institutional factors (e.g. trust, ownership, governance). Broadly, this corresponds with models of communication and persuasion from the social psychology literature, such as the Elaboration Likelihood Model (ELM [27] ), which highlight the interaction of: audience factors (e.g., level of engagement, prior knowledge, values), message factors (e.g., framing effects 3 ); and source and contextual factors (e.g., trust, timing) in shaping the impact of information provision. The current research draws on this literature to examine the impact of audience, message and contextual factors in predicting public responses to shale gas fracking. We consider both psychological and geographical audience factors, since attitudes to specific, local developments may diverge from attitudes to energy technologies in principle, and individual differences (e.g., values, knowledge, demographics) often predict energy technology attitudes [12] . Critically, little previous work has examined the relative importance of audience, message and contextual factors in predicting public responses to energy technologies, or considered whether psychological [e.g., 25, 27] or geographical [e.g., 30 ,31] theories might offer better explanations for these responses. While the current research is primarily intended to provide an empirical exploration of this nascent topic, a further contribution of our paper is to offer a more conceptually integrative view on public responses to novel energy technologies by drawing on several distinct social science literatures (e.g., risk perception, attitude change and persuasion, place identity and attachment). This not only has theoretical value, but can help inform the most appropriate strategy for 2 Attitudes are hypothetical constructs that refer to an individual's evaluation of, or orientation towards, an 'attitude object' (e.g., thing, person, idea). In this paper, we also use the term 'perception' as a broader concept encompassing 'risk perceptions' (i. e., subjective evaluation of the characteristics and severity of risk) as well as attitudes. For a discussion of relevant theory and measurement of these concepts, see [12] . 3 Message 'framing' refers to the selection and presentation of information through choice of words, images, problem definition, inclusion and omission of information, and so on, that provides context and meaning [28] . How information is framed and questions are posed are likely to influence public views on shale gas. Compare, for example, surveys in May/June 2014 by (a) the industry body UK Onshore Oil and Gas [29] , who provided a brief description of shale gas and its benefits including 'to meet the UK's demand for natural gas for nearly 50 years or to heat the UK's homes for over 100 years' and found 57% supported extraction and 16% opposed it; with (b) DECC's [15] survey which provided no information about shale gas (relying on extant understanding) and found, of those (74%) who had heard of it, 24% supported and 24% opposed shale gas extraction.
understanding and potentially overcoming divergence in lay and expert views and involving publics in decision-making about shale gas policy and developments. For example, claims that ignorance about shale gas risks and benefits belie public protests and opposition [32] assume a 'deficit model' of risk communication, whereby provision of accurate, scientific information is assumed to lead to public support. This model has repeatedly been shown to be flawed, with factors such as trust and values more predictive of public support than knowledge [12] . Other claims that protests are merely 'NIMBYism' (i.e., rejection of local developments, irrespective of attitudes to the technology in the abstract) [33] imply location is the key predictor of public attitudes. This paper seeks to provide evidence to explain diverse public responses to fracking and to inform appropriate public engagement strategies.
In respect of geographic audience factors, the literature on place identity and attachment highlights that the relationship between proximity to energy developments and public views is not obvious, and undermines any assumption that communities will inevitably reject local developments. Rather, it seems that if developments are perceived to threaten a local area's inherent character or identity, they will be resisted; but perceptions of place identity vary widely and may be compatible with industrial development [30] . Further, communities with experience of particular industries are likely to have different views than those without such experience. These experiences may be coloured by whether there are local benefits (e.g., employment) associated with the particular industry, as well as trust in local operators and regulators [31] . Consequently, Venables et al. [34] found that place identity, followed by trust in the nuclear industry, were the strongest predictors of support for new local nuclear development amongst communities living close to existing nuclear facilities. The salience of such contextual and place-based factors in predicting responses to fracking will be examined here.
In relation to psychological factors, the ELM particularly highlights the importance of audience and message characteristics (e.g. values, prior knowledge, framing) in shaping public responses. Importantly, audiences are not homogenous, so will respond differently to novel information. For example, knowledge and prior attitudes can serve to polarise views on technical issues [35] . Due to pervasive confirmation bias (i.e., the tendency to seek out confirmatory evidence and disregard or downplay contradictory evidence [36, 37] ), attitudes can polarise as a result of reading mixed information [38] , although this effect is not uniform: those who have not yet made up their minds about an issue or hold mixed views (i.e., attitudinal ambivalence) will process information in a less biased and deeper way. The role of prior knowledge, attitudes and ambivalence will therefore be examined in the current research. Furthermore, the way in which information is framed interacts with audience values and beliefs, such that particular frames (e.g., environmental benefits) will only be meaningful or persuasive for certain audiences [39] .
Research questions and hypotheses
This study aimed to explore how risks and benefits of shale gas fracking are perceived by the UK public; how these perceptions vary by known predictors of risk perception (e.g., location, knowledge, trust, values, message factors); the relative importance of key geographical and psychological audience factors in predicting perceptions; and how messages about shale gas fracking may be received and interpreted differentially according to the audience's prior attitudes or values. Drawing on the literature outlined above, we propose the following hypotheses:
H1. Both geographical and psychological audience factors, including gender, environmental attitudes, location, and place attachment, will predict shale gas attitudes and risk perceptions.
Specifically, males, those living in areas with extant fracking, those with lower place attachment, and those with lower environmental values will be more positive about shale gas.
H2
. Prior knowledge will influence shale gas attitudes. Specifically: those with more knowledge will have stronger attitudesboth positive and negative -towards shale gas.
H3
. Prior attitudes will influence response to shale gas information. Specifically, those who are most ambivalent will experience the greatest attitude change when given information.
H4. There will be an interaction between message (benefit frame) and environmental values. Specifically, those with higher environmental values will be more influenced by the environmental benefit frame than the economic benefit frame.
Methodology
Design
Following a series of in-depth public interviews (reported elsewhere), an online survey was conducted during August 2014 to investigate factors predicting shale gas acceptability and the impact of different information frames. Using a 2 Â 2 design, participants were randomly assigned to one of four conditions, in which the information provided on shale gas was varied (see below).
Participants
Participants (N = 1457) were drawn from a UK online market/-social research panel. We sampled three regions: one where shale gas fracking has already commenced (Lancashire, focussed on Weeton, Elswick, Roseacre Wood, Preston New Road, Westby, Banks 4 ; 32%); one with potential for (but so far no exploitation of) shale gas fracking (South Wales, focussed on Pontrhydyfen, Cwmafan and Llandow; 34% 5 ); and one where there are no shale deposits (Mid/North Wales, including neighbouring English towns; 34%). A demographic breakdown of the sample is shown in Table 1 . In terms of political preferences, this is broadly representative of the UK public 6 ; demographically, the sample is somewhat older and better qualified than the general public. 
Measures and materials
The questionnaire's first section included location and demographic measures (see Table 1 ), followed by baseline (pre-information) measures (item order within each scale was randomised to avoid order effects):
Place attachment: adapting previous scales [40, 41] , a 12-item measure (a(12) = .826) included items assessing place attachment along general (e.g., ' The place where I live is very special to me'), social (e.g., 'I believe my neighbours would help in an emergency') and natural (e.g., 'I would feel less attached to my area if the native plants and animals that live here disappeared') dimensions, with response options on a five-point scale from Strongly agree (5) to Strongly disagree (1). Environmental identity: a two-item measure (a(2) = .858), adapted from [42] , included the items: 'I think of myself as someone who is concerned about the environment'; and 'Being environmentally-friendly is an important part of who I am', with responses again on a five-point agreement scale. Climate change scepticism: A 14-item scale (a(14) = .950), adapted from [38] , was used to assess beliefs about the reality, causes and impacts of climate change and views on the reliability of climate change evidence and information sources (e.g., 'I do not believe climate change is a real problem'; 'Claims that human activities are changing the climate are exaggerated') again on a five-point agreement scale. Knowledge about energy sources and technologies: Participants indicated how much they knew about exemplar energy sources/technologies: gas (also known as 'natural gas'); coal; shale gas or 'fracking'; underground coal gasification; carbon capture and storage; nuclear power; offshore wind power; solar photovoltaic/solar energy; and bioenergy on a five-point scale of 'A lot' (5), 'A fair amount' (4), 'A little' (3), 'Nothing -have only heard the name' (2), and 'Nothing -have never heard of it' (1). Favourability of energy sources and technologies: Participants provided a personal evaluative assessment of the exemplar energy sources/technologies with the item 'how favourable or unfavourable are your overall opinions or impressions of the following energy options currently' on a five-point scale of 'Very favourable' (5) to 'Very unfavourable' (1). UK energy budget: Support at national level for the exemplar energy sources/technologies was elicited with: 'What proportion of the UK's budget for energy do you think should be invested in supporting each of the following?' with a total budget of 100% to be assigned to each option. Risks versus benefits of shale gas: A multiple-choice item ( 'From what you know or have heard about using shale gas fracking in Britain, on balance, which of these statements most closely reflects your own opinion?') with seven response options from 'The benefits of shale gas fracking far outweigh the risks (1)' to 'The risks of shale gas fracking far outweigh the benefits (5)' (plus 'None of these (6)'; 'Don't know (7)' not used in regression analyses) measured perceived risks/benefits of shale gas. Attitudes to shale gas fracking: 13 items (adapted from [11, 43, 44] ) assessed attitudes to shale gas fracking, including dimensions known to predict risk perceptions, such as trust in regulators (e.g., 'I feel confident that the British Government will adequately regulate shale gas fracking'), concern about risks (e.g., 'I am concerned about the risks of earthquakes from shale gas fracking'), perceptions of benefits (e.g., 'Shale gas is a clean energy source') and moral hazard (e.g., 'If politicians think shale gas fracking is a possibility, it will make them less likely to pursue other policies to tackle climate change'). Again, a fivepoint agreement scale was used. A further item asked 'Do you think that in the next 20 years, shale gas fracking will... improve our lives (1); . . . make our lives worse (À1); . . . make no difference either way (0); Not sure (9) . Attitudinal ambivalence towards shale gas fracking: A three-item measure (a(3) = .842), adapted from [45] , assessed ambivalence (e.g., 'I have mixed feelings about shale gas'; 'I am undecided about shale gas'). Acceptance of shale gas extraction: Participants were asked 'Should shale gas extraction be allowed in the UK?' with 'Yes', 'No', or 'Don't know' as response options. Perceptions of public acceptance: In addition, participants were asked 'What percentage of the UK public do you think would agree that shale gas extraction should be allowed in the UK?' with numeric responses permitted from 0 to 100. Preferences for locating shale gas extraction: Using a UK map of shale gas deposits (from [46] ), participants were asked where they thought 'shale gas fracking should take place by clicking After this, information was provided about shale gas fracking. We varied the information that was provided, such that there were four experimental conditions: two texts focussed on economic benefits and two on environmental benefits; for each, the information was either framed in loss or gain terms [47] . The information gave a short description of shale gas fracking (see Appendix A) followed by an environmental/economic and loss/gain 8 After reading the text, participants were asked 'What thoughts came to mind when you were reading the text' (open-ended) to ensure message elaboration. A manipulation check confirmed the manipulation was largely successful. 9 Finally, several shale gas perception measures were again administered to examine any impact of the information provided: Shale gas favourability; Shale gas risks versus benefits; and two of the shale gas attitude statements (clean, cheap) which most directly related to the information provided.
Results
Knowledge and favourability of energy technologies/sources
Most respondents claimed to know only 'a little' about most of the technologies (Fig. 1 ). Participants were most familiar with coal, followed by natural gas, nuclear, wind and solar; and least familiar with CCS and underground coal gasification (UCG), both scoring highly for 'never heard of it'.
Turning from knowledge to attitudes, participants rated solar energy as most favourable, followed by offshore wind (Fig. 2) . Other technologies were rated considerably lower. UCG and CCS were consistently rated as 'neither favourable nor unfavourable', a likely reflection of the lack of knowledge about them. Shale gas was rated most unfavourable, followed by nuclear. However, more participants rated shale as 'neither favourable nor unfavourable' than any other option, with ambivalence also high for bioenergy and nuclear.
Consistent with personal favourability ratings, when asked to allocate a national energy 'budget' for the different energy sources/technologies, the highest proportion was allocated to offshore wind and solar (Fig. 3) . However, personal favourability and preferences for national budget are not entirely consistent. Along with natural gas, nuclear was also rated fairly high -perhaps reflecting a 'reluctant acceptance' that this technology is necessary despite its risks. UCG and CCS were allocated the least in the budget allocation exercise, perhaps more reflecting lower knowledge than disapproval. Correlations (see Supplementary Material) between favourability and UK budget assignment show respondents were consistent in their responses -i.e., energy options with highest favourability ratings were given higher percentage of UK energy budget.
Attitudes to shale gas fracking
When asked to rate the risks and benefits of shale gas, almost a quarter of participants (24.8%) answered 'don't know' to this question. However, more seem to feel that the risks outweigh the benefits, than vice versa (Fig. 4) , with water contamination and earthquakes amongst the most commonly identified risks (see Table 2 ).
When asked whether they felt shale gas would make a difference to their lives in the next 20 years, almost half of participants indicated they were unsure. The remaining responses were fairly evenly distributed across making their lives better, no difference and worse. Similarly, when asked whether widespread shale gas extraction should be allowed in the UK, the highest proportion (40%) of participants indicated they did not know; while 31% responded affirmatively (Fig. 5) . In respect of perceived public acceptance of shale gas, responses ranged from 0% to 100% with a mode of 30% (7.7% of all participants selected this amount). The mean estimate was 37.4% -which compares with 31.1% of the sample who actually agreed that shale gas extraction should be allowed in the UK (i.e., participants' estimates of public opinion are reasonably accurate). However, consistent with the false consensus effect [48] , disaggregating by opinion, we found that those who said it should be allowed estimated 50.6% of the public would agree; while those who did not think it should be allowed only estimated 29.8% of the public would agree. This difference is significant (t(844) = À15.5, p < .001).
For the mapping exercise, respondents were asked to indicate whether they thought shale gas should be extracted ('like') or not ('dislike') in UK regions where deposits have been identified. As shown in Fig. 6 , most participants were neutral for each region, while the smallest percentages selected 'dislike'. Higher proportions selected dislike for the shales closest to them. 10 However, almost half of participants (42.8%) selected 'I do not think shale gas fracking should occur anywhere'. 8 We found virtually no differences between loss/gain frames, so the results discussed here focus only on comparing the environmental versus economic framing. 9 Participants were asked: 'Which of the following was mentioned in the information you read?' with response options: 'Widespread extraction of shale gas could increase climate change'; 'Widespread extraction of shale gas could increase energy bills'; 'Widespread extraction of shale gas could reduce climate change'; 'Widespread extraction of shale gas could reduce energy bills'. The results indicate most respondents had read the text: 81.3% in condition 1 and 79.3% in condition 2 correctly selected 'Widespread extraction of shale gas could reduce energy bills'; while 59.8% in condition 3 and 62.5% in condition 4 correctly selected 'Widespread extraction of shale gas could reduce climate change' (v 2 (9, N = 1427) = 468.86; p < .001). While the proportion of incorrect responses was somewhat higher in conditions 3 and 4, it is noteworthy that most of these selected the bill reduction option (i.e., the economic benefit), while very few in any conditions selected the two risk-related response options. 
Knowledge analysis
We found a non-linear relationship between (self-assessed) knowledge and shale gas favourability, but not indicating polarisation in the expected direction: those who claimed to have no knowledge and those claiming to have high knowledge of shale gas had the most favourable attitudes ( Fig. 7; F(1, 4) = 3.16, p = .01). Furthermore, perceptions of risks versus benefits were much higher for those claiming to have no knowledge of shale gas (F(1, 4) = 3.70, p = .01). Following information provision, however, the relationships between knowledge and shale gas perceptions disappear: favourability (F(1, 4) = .91, p = .46); risk 
Location analysis
Relative importance of demographic, value, location and knowledge factors
While we found location correlated with shale attitudes, other factors (e.g., sector of employment) may be driving these effects. Consequently, we ran regression analyses of the dependent variables (DVs) to examine the relative influence of location and other place-based audience factors, relative to attitudinal, value, knowledge and demographic variables. As shown in Table 3 , males, those with higher science education, Conservative voters, urban residents, those more attached to place, those with lower environmental identity and those with higher climate scepticism scores were more favourable towards shale gas. 11 Political affiliation and climate change attitudes were the strongest predictors. However, location was no longer a significant predictor, suggesting that the effects described above were associated with other factors. 12 When different types of predictors are grouped according to more geographical (e.g., location, employment in energy sector) versus psychological (e.g., knowledge, environmental identity, attitudes) audience factors, they account for very similar levels of variance (Fig. 9) , with attitudinal/value and knowledge variables together accounting for 18% and place-based/geographical factors for 16%.
Information framing (experimental component)
We next examined the impact of different forms of information provision on shale attitudes. We first included environmental identity as an additional independent variable (IV), as we expected from previous work [38] that people who considered themselves to be 'green' would perceive the information differently to those who do not.
As shown in Fig. 10 , favourability towards shale gas changed after information provision F(1, 1414 = 129.68, p < .001, partial g 2 = .084. Participants rated shale gas as more favourable postinformation (M = 2.91, SD = 1.20) compared to pre-information (M = 2.67, SD = 1.13). 13 There was also a significant impact of information on perceptions of shale gas as a 'cheap energy source', Participants with low environmental identity rated shale gas as cleaner than those with high environmental identity both pre-(Low, M = 2.96, SD = .81; High, M = 2.70, SD = .98) and post-information (Low, M = 3.28, SD = .92; M = 3.09, SD = 1.13).
In respect of risk perceptions, there was a statistically significant influence of information F(1, 1410) = 113.59, p < .001, partial g 2 = .075. Participants rated shale gas as less risky/more beneficial post-information (M = 3.75, SD = 1.98) compared to pre-information (M = 4.22, SD = 2.08). 15 Next, we included prior attitudes (favourability) as an IV, along with condition, to explore the possible effects of attitude polarisation. While we found prior attitudes (recoded as a median-split binary variable) exerted a main effect on post-information favourability F(1, 3) = 1031.07, p < .001, there was no interaction effect with condition F(1, 3) = .32, p = .808. Similarly, prior attitudes exerted a main effect on post-information risk perceptions F(1, 3) = 941.44, p < .001. 16 There was also a main effect on both perceptions of shale as clean F(1, 3) = 332.89, p < .001 17 ; and shale as cheap F(1, 3) = 275.52, p < .001. 18 Finally, we included ambivalence as an IV, along with condition, to see whether those more ambivalent changed attitudes more than those with firmer beliefs [49] . This showed significantly greater attitude change amongst the more ambivalent respondents -specifically, less risk perception F(1, 3) = 4.09, p < .05, Relationship between self-assessed knowledge and (a) shale gas favourability, (b) shale gas risk perceptions, and (c) acceptance of shale gas extraction. Fig. 8 . Perceptions of shale gas across different locations. 11 Similarly, acceptance of extraction of shale across the UK was higher for males, those with higher levels of science education, higher scepticism, and lower environmental identity, as well as those with higher place attachment (see Supplementary Information). 12 There was no significance in science education or place attachment between regions. 13 There were no statistically significant differences between conditions F(3, 1414) = .62, p = .603, nor by environmental identity F(1, 1414) = 1.988, p = .114. 14 This did not vary between conditions F(3, 1399) = 1.22, p = .302, nor by environmental identity, F(1, 1399) = 1.342, p = .247. 15 There were no significant differences between conditions F(3, 1410) = 1.28, p = .279 nor by environmental identity F(1, 1410) = .003, p=.958. 16 However, there was no interaction effect with condition F (1, 3) = .96, p = .413. 17 However, there was no interaction with condition: F(1, 3) = 1.10, p = .35. 18 However, there was no interaction with condition: F(1, 3) = 1.15, p = .33).
(marginally) more favourability F(1, 3) = 3.39, p = .066, and higher agreement that shale is clean F(1, 3) = 6.71, p < .01 (but not that it is cheap F(1, 3) = 1.08, p = .299; Fig. 11 ). 19 
Discussion and conclusions
Discussion
There is growing recognition of the need to understand public attitudes to energy sources, such as shale gas, and to feed these views into policy-making. This study represents the first detailed UK experimental survey of public perceptions of shale gas fracking, including analysis of the effects of different messages and the Fig. 9 . Variance explained in shale gas favourability by different predictors. 'Demographics' includes gender and age. 'Knowledge factors' includes knowledge of shale gas/fracking, highest qualification, and highest qualification in a science subject. 'Attitude factors' includes political affiliation, environmental identity, climate scepticism. 'Place-based factors' includes location, rurality, employment in energy industry, length of residence in area, and place attachment. ⁄⁄⁄ p < 0.001 change in variance. relative influence of different audience, message and contextual factors on support for shale gas extraction. Our survey of three UK regions revealed relatively low levels of knowledge about energy technologies, although respondents (who were slightly older and more qualified than the UK public as a whole) were most familiar with coal, natural gas and nuclear power. Consistent with previous research [11, 15] , most people had heard of shale gas or fracking. In terms of favourability, renewables were seen most favourably, while other technologies were rated considerably lower -again, consistent with previous research [12] . Interestingly, shale gas was the most unfavourable of the technologies, followed by nuclear, although the largest proportion of respondents rated shale gas as 'neither favourable nor unfavourable'. Despite the lower level of favour afforded to fracked shale gas relative to other options, both attitudes and risk perceptions in respect of shale gas do show considerable ambivalence, confirming previous work [11, 15] . 20 One-quarter of participants answered 'don't know' about the risks versus benefits of shale gas fracking. However, one-quarter also indicated that the risks far outweigh the benefits -double the proportion who said the benefits far outweigh the risks. In respect of most attitude statements, a large proportion selected 'neither agree nor disagree', highlighting considerable public uncertainty about shale. However, many express doubts about the government's ability to adequately regulate shale gas, and there is concern about the risk of water contamination from fracking (cf. [11] ). Almost half of participants were not sure whether shale gas would make a difference to their lives in the next 20 years; and 40% did not know if widespread shale gas extraction should be allowed in the UK. Participants have few preferences on where shale gas extraction should occur, many stating that it should not occur anywhere.
Comparison of survey responses by location showed, as expected (H1), that those living in a region where shale gas extraction is already underway (Lancashire) were significantly more positive than those living where shale gas fracking is not viable. However, these location differences disappear when controlling for demographic and value factors. Rather, political affiliation and attitudes to climate change, as well as gender, rurality, place attachment and environmental identity, appear to be more important predictors of shale gas attitudes (cf. [11] ). As expected (H1), males and those with lower environmental concern were more positive about shale gas; although contrary to expectations, those with higher place attachment were also more positive. The latter is an unexpected finding that merits qualitative follow-up.
While the current research was intended foremost as an empirical exploration of an emerging energy topic, a significant contribution of the paper was to integrate geographical and psychological perspectives on energy communication, by comparing the relative importance of place-based versus attitudinal, value and knowledge factors. Each accounted for around half the variance, highlighting the importance of examining both sets of factors in future audience research. Of course, this distinction is rather arbitrary and non-inclusive; future work might focus on exploring interactions and causal pathways through different predictor variables (e.g., sector of employment, shale knowledge and climate attitudes) as well as additional predictor variables.
Contrary to expectations (H2), we found that knowledge did not polarise attitudes. Rather, those with the highest prior knowledge of shale gas had the most favourable attitudes. However, we acknowledge that our measure of knowledge in this study was self-assessed, and that future work could compare this with more 'objective' knowledge measures. On the other hand, as expected (H3) and consistent with previous work [49] , prior attitudes predicted how information was received. We found that attitudinal ambivalence interacted with change in attitudes after reading the information: specifically, there was greater attitude change (becoming more favourable) amongst the more ambivalent respondents.
When provided with information about shale gas, participants became more positive -in most cases this was irrespective of whether environmental or economic benefits were highlighted. Contrary to expectations (H4), environmental identity did not interact with message framing; that is, the environmentallyframed message did not resonate any more with those with higher environmental concern than with other people.
Conclusion and implications
Our results are consistent with other recent studies that show the UK public is ambivalent about shale gas, although there appears to be greater awareness of the risks than the benefits. However, the public is highly heterogeneous in relation to shale gas attitudes: prior knowledge appears to be associated with more favourable attitudes, although demographics and environmental values are overall strongest influences on perceptions. Recognising Fig. 11 . Influence of ambivalence and information framing on shale gas perceptions. 20 It is likely that the research design of the survey is responsible for the lower level of ambivalence found relative to the DECC public attitudes tracker [15] . The latter is a longitudinal survey tracking UK public attitudes on seven energy-related topics, whereas the present survey is specific to fracking, probing in depth and with the use of variously framed information.
this heterogeneity is important for effective engagement with different audiences; for example, those with strong proenvironmental values are likely to be difficult to persuade of the benefits of shale gas unless shale gas can be successfully framed as relatively environmentally benign. In the present study, providing information about a particular benefit (economic or environment) of shale gas in general made attitudes more positive, particularly amongst those who are the most ambivalent. It is this undecided group who will be most susceptible to persuasive information, be this from pro-or anti-fracking sources.
When related to relevant theoretical and policy debates around engaging publics with novel energy technologies, these findings do not undermine the deficit model to the extent that other work on related issues, such as climate change, does [50] . Evidently, there is an important role for information provision, but other factors such as values, play at least as important a role in attitude formation. On the other hand, our findings are consistent with other work on NIMBYism [30] , which calls into question any straightforward relationship between location and public attitudes.
Future work should include longitudinal analysis pre-and post-development of energy infrastructure to explore the process and mediators of attitudinal change. There is also considerable scope to examine attitude change by varying the media, source and framing of shale gas information. In terms of news media representation of hydraulic fracturing for shale gas, comparative international work is also likely to be instructive: the limited data available highlights national differences that merit further investigation [51] . Work should also focus on the role of trust in government, which recent deliberative work (and communication theory) indicates is likely to be critical for public acceptance [37] .
